.
The realization that the 24-hr pattern of melatonin secretion provides a neuroendocrine code for daylength has stimulated an area of investigation to identify those characteristics of the melatonin signal which convey the photoperiod message. The present report outlines our progress in evaluating two issues pertaining to the melatonin signal in the Suffolk ewe : 1) the importance of the circadian timing of the melatonin elevation as opposed to the length of time that melatonin is secreted during each 24-hr period (phase vs duration) ; 2) the importance of the previous melatonin pattern to the interpretation of a given melatonin signal. The fundamental relationship between these two issues is then considered.
Experimental model.
To identify important characteristics of the melatonin pattern, we have utilized a traditional endocrine approach &horbar; removal of the gland followed by replacement of the hormone of interest. For this purpose, Suffolk ewes were pinealectomized and then equipped with a portable back-pack infusion device. The device contained a programmable pump for intravenous infusion which allowed any desired circadian pattern of melatonin to be generated for any length of time (over a year in some studies). The artificially-produced serum melatonin levels were determined to be physiological (by radioimmunoassay). . On day 0, both groups of ewes were transferred to short days (8L : 16D). At the same time, the duration of the nightly melatonin infusion in one group was changed to match the short photoperiod (16 hr infusion during 16 hr night). This led to reproductive induction and LH increased (figure 2, left). In the other group, the long-day pattern of melatonin was maintained following transfer to short days, thus producing a mismatch between the duration of the melatonin infusion and the duration of the night. This maintained reproductive suppression and LH remained low (figure 2, right).
The salient finding of this study, and the others in which duration of the melatonin elevation was systematically varied, is that the reproductive condition invariably conformed to the length of time that melatonin was elevated during each 24-hr period Yellon et al., 1985) . Although these findings are clearly consistent with the duration hypothesis, they do not discount phase because at least a portion of the artificially-produced melatonin rise invariably overlapped with the night, and thus could have coincided with a phase of responsiveness to melatonin.
The third and more powerful line of support for the duration hypothesis was obtained from a recent study (Wayne et al., 1988) figure 4 , the time course of the LH response in pinealectomized ewes during infusion of the short-day pattern of melatonin (lower panel) was much the same as that in pineal-intact ewes maintained on the fixed short photoperiod (upper panel). Although there were some minor quantitative differences, it is important to emphasize that all pinealectomized ewes appeared to become unresponsive to a melatonin pattern which was once inductive. This study was subsequently repeated with similar results .
In a separate experiment, we monitored the circadian patterns of circulating melatonin during the course of reproductive induction and the subsequent development of refractoriness following transfer of pineal-intact ewes from long to short days (Malpaux et al., 1987) . Hourly samples were obtained for 24 or 48 hr intervals approximately every 2 weeks following the light shift. Once the melatonin pattern stabilized by day 8 after the shift from long to short days, no further change was observed in the duration of the melatonin elevation or in its phase relative to the light/dark cycle. Regardless of the stage of the reproductive response, includin the melatonin signal itself. In an parallel series of studies using the same throughout the night (fig. 5) .
The preceding series of experiments provides compelling support for the conclusions that refractoriness to an inductive daylength results from a change in the post-pineal processing of the photoperiodic message rather than an alteration in the melatonin signal itself. In an parallel series of studies using the same approaches of melatonin infusion and characterization of melatonin secretory profiles, we are gathering evidence that the same holds true for refractoriness to an inhibitory photoperiod (Wayne et al., 1988 ; Malpaux et al., 1988a1. Change. &horbar; A somewhat different issue with regard to the melatonin signal and photorefractoriness pertains to the role of change in photoperiodic signalling. In this regard, it is important to note that the preceding experiments all utilized single-step changes in daylength or melatonin patterns, followed by constant conditions for prolonged periods. We have recently observed that the development of refractoriness to a short photoperiod can be delayed by a further reduction in daylength (Malpaux et al., 1988b (Robinson and Follett, 1982) . The importance of photoperiodic history and direction of change in daylength has since been demonstrated in a number of seasonally breeding mammals including the wild European rabbit (Boyd, 1986) , several photoperiodic rodents (Horton, 1984 ; Stetson et al., 1986b ; Hoffmann et al., 1986) , and the sheep . The studies in sheep are of particular interest with regard to the critical features of the melatonin signal because the 24-hr patterns of circulating melatonin were monitored. These studies are now summarized ; further details are described elsewhere figure 7 . In all cases, the melatonin patterns were found to be appropriate to the photoperiod, with levels being low during the day and elevated at night. Thus, the phase and duration of the elevation in melatonin were the same in both groups of ewes exposed to the common intermediate photoperiod, yet opposite reproductive responses were produced. This leads to the hypothesis that the nature of the change in its secretory profile constitutes a critical feature of the melatonin signal. Although this hypothesis remains to be tested formally, it has important ramifications with regard to the characteristics of the melatonin pattern that provide the code for daylength. These implications are now described in the final section of this report.
Synopsis.
As pointed out at the start of this report, there are two major conceptual models to explain how the rhythmic secretion of melatonin transduces photoperiodic information into a reproductive response, the duration of elevated melatonin secretion and the phase of this elevation relative to a circadian rhythm of sensitivity to melatonin. Available evidence in the ewe is most compatible with there being a critical role for duration. Nevertheless, the study just described in figure 7 
